MATERIALS AND METHODS:
One hundred thirty-one patients with solitary pulmonary nodules underwent unenhanced thin-section CT, followed by dynamic helical CT (throughout the nodule for 30 mm along the z-axis [13 images ] and at 20-second intervals for 3 minutes [130 images total]) after intravenous injection of 120 mL of contrast medium. Diagnosis of malignancy or benignancy was assigned in 109 patients, and follow-up imaging suggested benignancy in the remaining 22. CT findings were analyzed for peak attenuation, net enhancement, and enhancement dynamics. In 54 patients with surgical diagnoses, Pearson correlation coefficient was used to correlate enhancement pattern with extent of microvessel density and vascular endothelial growth factor (VEGF) staining.
RESULTS:
With 30 HU or more of net enhancement as a cutoff value in differentiation of malignant and benign nodules, sensitivity for malignant nodules was 99% (69 of 70 malignant nodules), specificity was 54% (33 of 61 benign nodules), positive predictive value was 71% (69 of 97 malignant readings), negative predictive value was 97% (33 of 34 benign readings), and accuracy was 78% (102 of 131 nodules). Peak attenuation was correlated positively with extent of microvessel density (r ϭ 0.369, P ϭ .006) and VEGF staining (r ϭ 0.277, P ϭ .042). Malignant nodules showed significantly higher VEGF expression (P ϭ .009) than that of benign nodules.
CONCLUSION:
Dynamic enhancement with multi-detector row CT shows high sensitivity and negative predictive values for diagnosis of malignant nodules but low specificity because of highly enhancing benign nodules. Extent of enhancement reflects underlying nodule angiogenesis. © 
RSNA, 2004
Information on the morphologic features and attenuation values of a peripheral pulmonary nodule on unenhanced thin-section computed tomographic (CT) images may be insufficient to allow the differentiation of benign and malignant nodules (1) . The evaluation of tumor vascularity with contrast material-enhanced CT has proved to be useful in the differentiation of malignant and benign nodules (2) (3) (4) (5) (6) (7) (8) (9) . In previous dynamic CT studies in which a conventional or single-detector row helical CT machine was used, however, investigators acquired a single scan or a limited number of scans through the nodule at specific times (usually at 1-minute intervals, with scans obtained at 1, 2, 3, and 4 minutes after intravenous injection of contrast medium) for the duration of the dynamic study (2, 3, 7, 9) . Therefore, a small number of CT scans obtained in a nodule at a given time may have led to partial volume effect, artifact, and difficulties in terms of reproducibility, mainly resulting from patient variations in breath holding. These limitations may have also made it difficult to compare directly the attenuation values of nodules at the same level on CT scans acquired at different times. Furthermore, because images were obtained at 1-minute intervals, changes in detailed attenuation values between each minute would have been unavailable, making it difficult to evaluate the actual peak attenuation value and the peak enhancement time.
With the advent of multi-detector row CT, we have the advantage of shorter acquisition times, greater coverage, and superior image resolution along the z-axis (10) . Image clusters obtained at a given time throughout a nodule can be acquired sequentially by using a helical technique at short time intervals after the intravenous injection of contrast medium, thus allowing the same or very similar scans to be obtained through the nodule at various times to compare the extent of enhancement.
A growing malignant nodule needs its own blood supply from adjacent tissues, which is essentially required for tumor growth and metastatic spread. This process may be caused by the increased release of angiogenic factors from the malignant nodule, such as vascular endothelial growth factor (VEGF), and the subsequent increase in extent of microvessel density (11) (12) (13) (14) . The increased extent of microvessel density leads to increased perfusion and permeability of the capillaries and is associated frequently with strong enhancement of a malignant nodule at CT (15, 16) . Therefore, the extent of enhancement can be interpreted as reflecting tumor vascularity, which may aid in the differentiation of malignancy and benignancy.
The purpose of this study was to evaluate the enhancement dynamics of solitary pulmonary nodules by using multidetector row CT and to correlate the results with the extent of tumor angiogenesis in pathologic specimens.
MATERIALS AND METHODS

Patients and CT Scanning
From March 2002 to March 2003, a total of 198 patients (157 men and 41 women; age range, 24 -82 years; mean age, 56 years) with a solitary pulmonary nodule at chest radiography (approximately spherical; short-and long-axis diameters were within a factor of 1.5 of each other) underwent dynamic chest CT with a fourdetector row CT scanner (LightSpeed QX/i; GE Medical Systems, Milwaukee, Wis). The institutional review board of Samsung Medical Center approved the study protocol for this CT study, and written informed consent was obtained from all patients.
Before dynamic CT was performed, we obtained targeted thin-section helical CT scans (2.5-mm collimation, 0.8-second gantry rotation time, 120 kVp, 70 mA) through the nodule. Nodules that appeared to be solitary at chest radiography but appeared to have satellite nodules at CT (n ϭ 2) were included in this study. For nodules with satellite lesions, only the main nodule was evaluated with dynamic enhanced CT. If nodules contained benign calcifications (diffuse, laminated, popcorn-like, or central) at thinsection CT, they were excluded (n ϭ 5). Nodules that contained fat at thin-section CT were also excluded (n ϭ 1). Nodules with stippled (n ϭ 3) or peripheral nodular (n ϭ 2) calcifications were included. Dynamic CT was performed in the remaining 192 patients.
Before the intravenous injection of contrast medium, a series of 13 images was obtained throughout the nodule for 30 mm along the z-axis with 2.5-mm collimation [b] , 120 kVp, 170 mA, 0.8-second gantry rotation time, and a table speed of 3.75 mm/sec over 8 seconds. Thereafter, an additional nine series of images were obtained at 20-second intervals for 3 minutes after contrast medium injection (3 mL/sec, total of 120 mL of iomeprol, Iomeron 300; Bracco, Milan, Italy) with a power injector (MCT Plus; Medrad, Pittsburgh, Pa) with the same parameters used for the initial preenhancement series (10 total series of images obtained at 0, 20, 40, 60, 80, 100, 120, 140, 160, and 180 seconds).
Immediately after dynamic imaging, low-dose (50 mA, 120 kVp, 5-mm collimation, table speed of 15 mm/sec) helical CT scans were obtained from the lung apices to the level of the middle pole of both kidneys for tumor staging. Image data were reconstructed with a thickness of 2.5 mm (13 images in each cluster; total number of dynamic images, 130 [13 images ϫ 10 series]) by using a standard algorithm. All thin-section and dynamic CT data were interfaced directly to our picture archiving and communication system, or PACS (Integrated Imaging Solutions, version 8.1; GE Medical Systems, Mt Prospect, Ill), which displayed all image data on monitors (four monitors, 1536 ϫ 2048 image matrices, 8-bit viewable gray scale, and 60-foot-lambert luminescence). On the monitors, both mediastinal (window width, 400 HU; window level, 20 HU) and lung (window width, 1500 HU; window level, Ϫ700 HU) window images were viewed.
The technical adequacy of dynamic CT fulfilled the following criteria, as presented in previous studies (7, 9) : absence of the extravasation of contrast medium at the site of injection, appropriate enhancement of the cardiovascular structures imaged during examination, no marked reaction to contrast medium that interfered with image acquisition, and satisfactory patient respiratory registration without artifact on equatorial images.
In two patients, inconsistent breath hold was a problem for obtaining dynamic image clusters at the same level. In another two patients, the nodules were too small (8 and 9 mm in diameter) to measure the attenuation value (partial volume averaging precluded the measurement of attenuation value). With the exception of these four patients, the dynamic images were technically adequate for 188 patients, and no serious reactions to contrast medium were reported. No examination was interrupted because of contrast medium reaction.
Of 188 patients, 57 were excluded because they had neither histopathologic diagnosis nor follow-up information. The remaining 131 patients (82 men with a mean age of 58 years and an age range of 24 -82 years; 49 women with a mean age of 52 years and an age range of 25-73 years; all individuals, mean age of 56 years and age range of 24 -82 years) were included. These patients underwent transthoracic needle biopsy (n ϭ 39) or surgery (n ϭ 70), which included lobectomy (n ϭ 64) and wedge resection (n ϭ 6). Twenty-two patients in whom CT findings and clinical situations suggested benignancy of a nodule but histopathologic diagnosis was not assigned were regarded to have a benign nodule because the nodules did not change in size (n ϭ 12), showed a decrease in size (n ϭ 2), or disappeared (n ϭ 8). Nodules without size change were followed up with imaging for more than 12 months (mean, 13 months; range, 12-21 months).
Radiation Exposure
Radiation exposure was determined by means of thermoluminescent dosimetry, as described in the study of Jung et al (17) . Total organ doses of thin-section, dynamic, and low-dose CT studies were calculated. Four lithium fluoride chips were placed in the bilateral upper and lower lung zones of the irradiated lungs of the phantom: one in the right upper lung zone, one in the left upper lung zone, one in the right lower lung zone, and one in the left lower lung zone.
Radiation doses were measured twice: once with the presumption that the nodule was located in the upper lung zone and twice with the presumption that the nodule was located in the lower lung zone. The radiation doses (at nodule sites and at other lung sites away from the nodule locations) were calculated by measuring the absorbed doses in lithium fluoride chips placed inside the phantom. The measured organ dose was compared with that of standard thoracic helical CT (beam collimation of 20 mm, beam pitch of 0.75, 0.8-second rotation time, 120 kVp, and 210 mA) at our institution.
Evaluation of Enhancement Dynamics
After viewing all 130 images as thumbnail images on PACS monitors, we selected one image for analysis from 13 images at a given time. The selected image was the transverse section with the largest diameter (scanned at the equator of the nodule). We measured the attenuation value of the nodule in the same area on the selected image for each cluster at each time (from unenhanced image to image acquired at 3 minutes). We examined a region of interest that covered about one-half of the diameter of the nodule at the equator and excluded calcified, cystic, or necrotic areas. The edges of the nodule were avoided to prevent partial volume averaging. All measurements in Hounsfield units were obtained from mediastinal window images to ensure that partial volume averaging was minimized. All measurements were obtained at the time of CT examination without knowledge of the histologic diagnosis.
Two radiologists with 2 years (C.A.Y.) and 14 years (K.S.L.) of experience in chest CT measured the attenuation values independently. We analyzed the extent of tumor enhancement by using peak and net enhancement. Peak enhancement was defined as a maximum attenuation value of the nodule over the entire duration of the dynamic study. Net enhancement was calculated by subtracting preenhancement attenuation from peak enhancement attenuation. The maximum diameter of the nodule was also measured.
The dynamics of enhancement were assessed by using two indexes: the maximum relative enhancement ratio and the slope of enhancement. Time to peak enhancement (expressed in seconds) was also recorded. The maximum relative enhancement ratio was calculated by subtracting preenhancement attenuation from peak enhancement attenuation and then dividing the result by preenhancement attenuation. The slope of enhancement (expressed in seconds Ϫ1 ) was determined by dividing the maximum relative enhancement ratio by the time to peak attenuation (18) .
Pathologic Evaluation
One experienced lung pathologist (J.H.) with 12 years of experience in lung pathology recorded the histologic diagnosis of each nodule. For each nodule, microvessel density and VEGF expression were assessed by means of immunohistochemistry to investigate neovascularization and angiogenic activity (15) .
Immunohistochemical Staining
After acquisition of slices for ordinary hematoxylin-eosin staining, the avidinbiotin complex method was used for immunostaining. Slices (4 -5-m thickness) from at least one representative block of formalin-fixed paraffin-embedded tissue in each case were deparaffinized and dehydrated in graded alcohols. Heat-induced antigen retrieval was performed by using a microwave oven and citrate buffer (pH, 6.0; 10 mol/L). All samples were immunostained by using the streptomycin avidinbiotin complex technique with monoclonal antibodies against VEGF (polyclonal, Santa Cruz Biotech, Santa Cruz, Calif; 1:80 dilution) and CD31 (Clone JC/70A, Dako, Glostrup, Denmark; 1:40 dilution), which is mainly expressed on small-vessel endothelial cells. Staining was performed by using an automatic immunostainer (TechMate; Dako) and the LSAB detection system with diaminobenzidine as the chromogen (ChemoMate; Dako). Appropriate positive and negative controls were run simultaneously.
Evaluation of Immunostaining for VEGF and Microvessel Density
Fifty-four nodules were evaluated by means of immunostaining for tumor angiogenesis. All slides were coded and evaluated by one pathologist (J.H.) with 5 years of experience in immunostaining for VEGF and microvessel density, who was unaware of the results of the dynamic CT nodule studies.
The VEGF staining was graded in terms of its extent and intensity. Extent was subdivided into four degrees according to the percentage of tumor cells that showed higher levels of staining than the background. Nodules with up to 25% of tumor cells that stained for VEGF were scored as 1, 26%-50% as 2, 51%-75% as 3, and 76%-100% as 4. Intensity was subdivided into three degrees-weak, moderate, and strong-for which scores of 1, 3, and 5 were given, respectively. Criteria for intensity of staining were as follows: weak staining, negative or faint cytoplasmic staining for VEGF; moderate staining, weak (light brown in color) or diffuse homogeneous cytoplasmic staining for VEGF (included focal strong staining but less than 10% in approximation of observed cells); and strong staining, diffuse granular dark brown cytoplasmic staining for VEGF that included at least 10% of observed cells. The total score (maximum of 9) of VEGF staining was calculated by adding the extent (maximum of 4) and intensity (maximum of 5).
The degree of angiogenesis was determined by means of microvessel density in the defined areas of tissue sections according to the method of Weidner et al (11) . Each microvessel count was performed twice. Each slide was first scanned at low magnification (ϫ100) to determine three "hot spot" areas where the number of microvessels was at a maximum. Areas of focal sclerosis or necrosis were excluded. Microvessel density was counted in each of the three hot-spot areas on slides. Areas of staining with no discrete breaks were counted as a single vessel. Microvessel density was determined by adding the number of vessels in each of the three hot spots.
Data and Statistical Analysis
The Mann-Whitney test was used to analyze statistical differences in age between groups of men and women who underwent dynamic enhanced CT and whose results were analyzed.
Diagnostic characteristics-that is, sensitivity, specificity, accuracy, positive predictive value, and negative predictive value-were calculated retrospectively at different levels of cutoff value for discrimination between malignant and benign nodules. Differences in measured attenuation values of nodules between two observers were analyzed by calculating intraclass correlation coefficients.
The 
RESULTS
The measured total organ dose with thinsection, dynamic, and low-dose CT ranged from 185.8 to 191.6 mGy at nodule sites. Organ dose ranged from 24.2 to 25.7 mGy elsewhere in the lungs. In a standard thoracic helical CT examination at our institution, organ dose ranges from 38.7 to 39.5 mGy.
In the 131 patients, men (n ϭ 82) were significantly older than women (n ϭ 49) (P ϭ .008).
Extent of Enhancement according to Histologic Findings
Of 131 nodules, 70 (53%) proved to be malignant, and 61 (47%) were benign ( Table 1 ). The sizes of 131 nodules were as follows: smaller than 10 mm in two patients, 10 -20 mm in 52 patients, and larger than 20 mm in 77 patients.
Peak enhancement, preenhancement attenuation, net enhancement, diameter of all nodules, maximum relative enhancement ratio, time to peak enhancement, and slope of enhancement are summarized in Table 2 . Malignant nodules (mean attenuation, 98 HU; range, 63-160 HU) (Figs 1, 2 ) showed significantly higher peak enhancement than that of benign nodules (mean attenuation, 78 HU; range, 30 -132 HU) (P Ͻ .001) (Fig 3) . Attenuation values on preenhancement images were not significantly different for malignant (mean, 46 HU; range, 10 -68 HU) and benign (mean, 44 HU; range, 13-85 HU) nodules (P ϭ .303). Therefore, the net enhancement of malignant nodules (mean, 53 HU; range, 27-106 HU) was significantly higher than that of benign nodules (mean, 35 HU; range, 1-88 HU) (P Ͻ .001). Statistical differences were observed in the enhancement dynamics of malignant and benign nodules. Malignant nodules showed significantly higher maximum relative enhancement ratio, shorter time to peak enhancement, and steeper slope of enhancement. Good interobserver agreement was obtained between two observers in terms of measuring the attenuation values of nodules (intraclass correlation coefficient, 0.8789 -0.9751; P Ͻ .001).
When less than 30 HU of net enhancement is used as a cutoff value at CT, sensitivity in the diagnosis of malignant nodules was 100%, but specificity was low-less than 50%. When more than 30 HU of net enhancement is used as a cutoff value, sensitivity in the diagnosis of malignant nodules decreased, which raised the possibility of false-negative diagnosis of truly malignant nodules (Table  3) . When 30 HU of net enhancement is used as a cutoff value, 97 nodules were considered malignant with higher enhancement than the cutoff value, whereas 34 nodules were considered benign.
By using the same cutoff value, sensitivity for malignant nodules was 99% (69 of 70 malignant nodules), specificity was 54% (33 of 61 benign nodules), positive predictive value was 71% (69 of 97 malignant readings), negative predictive value was 97% (33 of 34 benign readings), and accuracy was 78% (102 of 131 nodules) ( Tables 3, 4) . A false-negative case was seen in a patient with adenocarcinoma of the lung, which showed 27 HU of net enhancement. False-positive results were obtained for six of nine (67%) tuberculomas (Fig 4) , four of four (100%) sclerosing hemangiomas, two of nine (22%) hamartomas, one (100%) blastomycoma, one (100%) inflammatory pseudotumor, one (100%) intrapulmonary lymph node, and three of 12 (25%) other unspecified nodules.
Correlation of Enhancement and Histopathologic Findings
The extent of tumor angiogenesis in malignant and benign nodules is summarized in Table 5 . VEGF expression was significantly different in malignant and benign nodules (P ϭ .009). No significant difference was noted in the extent of microvessel density between malignant and benign nodules. Significant positive correlations were found between the extent of peak enhancement and microvessel density (r ϭ 0.369, P ϭ .006) and between peak enhancement and VEGF (r ϭ 0.277, P ϭ .042) ( Table 6 ). The extent of net enhancement was not found to be correlated significantly with microvessel density or VEGF.
DISCUSSION
In previous studies on the usefulness of contrast-enhanced CT for the differentiation of malignant and benign nodules, the mean peak enhancement of malignant nodules was approximately 40 HU (range, 41.9 -46.5 HU) (4, (7) (8) (9) . In the present study, however, the mean peak enhancement of malignant nodules was much higher, reaching 98 HU. This discrepancy may be explained as follows.
First, in previous studies (2, 3, 7, 9) , the injection rate and total amount of contrast material were 2 mL/sec and 100 mL, respectively. In the current study, however, they were 3 mL/sec and 120 mL, respectively. This may have led to more enhancement than in previous studies. Second, in our study, we used a shorter acquisition time interval (20 seconds) than that in previous studies (usually 1-minute intervals). This shorter interval enabled us to obtain a more detailed time-attenuation curve by identifying the detailed changes in attenuation values of nodules for the entire duration of dynamic imaging.
Third, 13 images were acquired at a given time in the present study, which is more than in previous studies (mostly one but up to 10 images). By obtaining more images at a given time, our methods might have facilitated selection of exactly the same level of images through- out the nodule for comparison. Therefore, the attenuation values of nodules were more complete than those in previous studies, in which only a limited number of scans were obtained through the nodule at a given time. Fourth, respiratory misregistration was reduced in our study. Inadequate images caused by inconsistent breath hold after injection of contrast medium were obtained in only two of 192 (1%) patients. In previous studies, the rates of technically inadequate studies ranged from 3% (19 of 550 patients) to 10% (21 of 218 patients) (3,9). Yamashita et al (4) reported that a maximum attenuation of 20 -60 HU appears to be a good predictor of malignancy. Also noteworthy is a report by Swensen et al (9) in 2000, in which a threshold value of 15 HU produced a sensitivity of 98%, a specificity of 58%, and an accuracy of 77% for malignant nodules. Since then, the cutoff values for differentiation of benign and malignant nodules have been set at 15 or 20 HU. In our dynamic study in which multi-detector row CT was used, however, higher peak enhancement was obtained, and thus higher attenuation values could be used as cutoff values for this differentiation. Actually, with a cutoff value of 30 HU of net enhancement, overall diagnostic accuracy in terms of differentiation of benign and malignant nodules-that is, sensitivity for malignant nodules of 99%, specificity of 54%, positive predictive value of 71%, negative predictive value of 97%, and accuracy of 78%, is similar to that in previous studies. We could have increased the negative predictive value by maintaining high sensitivity with higher cutoff values than those in previous studies. Except for active granulomas and vascular tumors such as sclerosing hemangiomas, most benign nodules showed enhancement values of less than 30 HU. Therefore, when a nodule shows enhancement of less than 30 HU, a benign nodule can be diagnosed with confidence.
In terms of analysis of enhancement dynamics, malignant nodules showed characteristic enhancement patterns and dynamics, not only with respect to significantly higher peak and net enhancements but also with respect to shorter time to peak enhancement and steeper slope of enhancement. This could be explained by the higher microvessel density (mean, 51) of malignant nodules versus that of benign nodules (mean, 38), but these values were not significantly different (P ϭ .572).
Not only was the extent of VEGF expression greater in malignant nodules, but microvessel density was higher; however, only VEGF expression was significantly higher in malignant nodules (P ϭ .009). This insignificantly higher level of microvessel density expression in malignant nodules may be explained as follows. First, we analyzed the enhancement patterns and dynamics in 131 patients with a solitary pulmonary nodule, but only 53 patients were included in the analysis for tumor angiogenesis. Therefore, true-negative cases (benign nodules), which showed little enhancement and which were later found to be benign by means of percutaneous needle aspiration biopsy, were excluded from the tumor angiogenesis analysis. These benign nodules were excluded because tumor angiogenesis could not be assessed by means of an aspiration biopsy specimen alone. Moreover, many highly enhancing benign nodules, such as active granulomas or sclerosing hemangiomas, were removed surgically because of the risk of malignancy and were included selectively in immunostaining for tumor angiogenesis.
Significant positive correlations were found between the extent of peak enhancement and tumor angiogenesis of microvessel density (r ϭ 0.369, P ϭ .006) or VEGF (r ϭ 0.277, P ϭ .042), irrespective of the malignant or benign nature of the nodules. Yamashita et al (5) suggested that the number of small vessels (microvessels) (0.02-0.10-mm inner diameter) might reflect the extent of enhancement of lung carcinoma at incremental CT more than the number of relatively large vessels (Ͼ0.1-mm inner diameter). Our results concur with this suggestion. Furthermore, a good correlation between peak enhancement and VEGF expression suggests that increased microvessel density results from increased VEGF expression. VEGF is a well-known powerful angiogenic factor, and VEGF and microvessel density have been reported to be prognostic factors of survival in patients with lung cancer (12, 13, 19) . Peak enhancement is expected to be a good indicator of the extent of VEGF expression and to have a potential role as a prognostic factor, if it is acquired precisely by means of detailed dynamic enhancement with multi-detector row CT. In the current study, the measured total organ dose at thin-section, dynamic, and low-dose CT ranged from 185.8 to 191.6 mGy at the sites of nodule location. Although this dose at the nodule location is about 10 times higher than that at single-detector row helical CT (18 -19 mGy with 1-10-mm collimation, 120 kVp, and 300 mAs) (20) and four or five times higher than that with standard helical multi-detector row CT (38.7 to 39.5 mGy) at our institution, dynamic enhancement is not likely to be repeated in a patient who appears to have either a benign or a malignant nodule. If the result of dynamic enhancement CT suggests a benign enhancement pattern, then plain radiography or low-dose helical CT should be sufficient for follow-up imaging. When enhancement patterns appear to indicate malignancy, biopsy or surgery will be performed in most cases, and the rest will be followed up with plain radiography or conventional CT for suspicion of malignancy. Furthermore, use of low milliamperage at dynamic CT might have mitigated the radiation dose.
A few limitations of this study were as follows. We obtained dynamic CT scans for only 3 minutes. With images acquired during 5 minutes or more, the washout dynamics of pulmonary nodule enhancement could have been obtained. In addition, we did not consider the morphology, as determined at thin-section CT of the nodule, for differentiation of benignancy and malignancy. We presume that well-defined round nodules at thin-section CT with homogenous enhancement of more than 30 HU at dynamic CT may suggest the possibility of a benign vascular tumor, such as a sclerosing hemangioma. A nodule with a spiculated margin seems worrisome enough to require biopsy or removal, regardless of findings of dynamic enhanced CT. In a tuberculosisendemic area, however, up to 38% of benign nodules may show spiculated margin (21) .
Our study may have selection bias. We excluded 57 patients who had neither histologic diagnosis nor follow-up information. However, most patients excluded were those who had no follow-up or had follow-up of less than 6 months. Some patients were excluded because they denied surgery or biopsy. In this study, we did not exclude any patients with regard to specific surgery criteria or the results of our dynamic CT examination.
In conclusion, dynamic enhancement with multi-detector row CT shows a high sensitivity and a high negative predictive value for the diagnosis of malignant nodules, and the extent of enhancement at dynamic CT reflects the underlying extent of nodular angiogenesis.
